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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to a s 
power generation system. More specifically, the inven- 
tion relates to a power generation system, which can 
reform, decompose or gasify a fuel, such as methanol, 
to burn the fuel to generate electricity and which can 
separate and recover carbon dioxide emitted by power 
generation. 

[0002] In conventional power generation systems, e. 
g., in thermal power plants, SO x and NO x contained in 
an exhaust gas have been removed as environmental 
measures. In recent years, the earth anathermal phe- 
nomenon due to emission of carbon dioxide, i.e., the at- 
mospheric temperature rise due to the green house ef- 
fect, has caused social problems on a global scale. In 
addition, if rain contains carbon dioxide emitted to at- 
mosphere, acid rain having a bad influence on plants 
and so forth is produced to have a great influence on 
the yield of crop and so forth. Therefore, in thermal pow- 
er generation, it is required to recover carbon dioxide, 
which is emitted by combustion, as large as possible 
without directly exhausting all the emitted carbon diox- 
ide to atmosphere. 

[0003] Referring to FIG. 1 , an example of a conven- 
tional power generation system will be described below. 
[0004] FIG. 1 is a block diagram of a conventional 
power generation system. In FIG. 1 , oxygen and a fuel, 
such as methane, are directly supplied to a combustor 
1 from an oxygen tank 2 and a fuel tank 3, respectively. 
In the combustor 1 , the fuel is mixed with oxygen to be 
burned to generate a gas. The generated gas is supplied 
to a gas turbine 5. The gas turbine 5 causes a rotor to 
rotate by the gas supplied from the combustor 1 , to gen- 
erate electricity and to supply a spent gas to an exhaust- 
heat recovery boiler 6. 

[0005] A part of steam exhausted from the exhaust- 
heat recovery boiler 6 is supplied to a condenser 7, and 
the rest of steam is recovered by a steam turbine 8 or 
the combustor 1. In addition, carbon dioxide supplied 
from the exhaust-heat recovery boiler 6, together with 
the part of steam, is supplied to the condenser 7. Water 
discharged from the steam turbine 8 and water dis- 
charged from the condenser 7 are supplied to the ex- 
haust-heat recovery boiler 6. In the case of this example, 
since electric energies are generated by means of the 
gas turbine 5 and the steam turbine 8, the turbines 5 
and 8 serve as power generating means. 
[0006] With this construction, the operation of the con- 
ventional power generation system will be described be- 
low. 

[0007] The combustor 1 receives oxygen from the ox- 
ygen tank 2, a fuel, such as methane, from the fuel tank 
3 for storing the fuel therein, and steam from the ex- 
haust-heat recovery boiler 6 to mix them to generate a 
mixed gas. The mixed gas is burned in the combustor 



1 . The burned mixed gas serves as a combustion gas 
of carbon dioxide and steam to be fed to the gas turbine 
5. The combustion gas causes the gas turbine 5 to rotate 
the rotor to generate electric energy, which is supplied 
to consumers. 

[0008] Exhaust gases, such as steam and carbon di- 
oxide, exhausted from the gas turbine 5 are fed to the 
exhaust-heat recovery boiler 6. The exhaust-heat re- 
covery boiler 6 utilizes the heat of the exhaust gas fed 
from the gas turbine 5, to heat water condensed by the 
condenser 7 and water discharged from the steam tur- 
bine 8 to convert the water into steam. The condenser 
7 cools the exhaust gas such as steam carbon dioxide, 
which is supplied from the exhaust-heat recovery boiler 
6 to condense the exhaust gas into water. 
[0009] A part of the exhausted steam boiled by the 
heat of the exhaust-heat recovery boiler 6 is supplied to 
the combustor 1 , and the rest of the steam is supplied 
to the steam turbine 8. The steam turbine 8 causes the 
supplied steam to rotate its rotor to take out electric en- 
ergy from the steam. This energy is also supplied to 
electric power consumers. 

[0010] Water, the energy of which has been used by 
the steam turbine 8 to be cooled, together with the con- 
densed water fed from the condenser 7, is fed to the 
exhaust-heat recovery boiler 6. The rest of the con- 
densed water discharged from the condenser 7, other 
than the condensed water fed to the exhaust-heat re- 
covery boiler 6, is discharged to the outside of the power 
generation system. In addition, carbon dioxide fed from 
the exhaust-heat recovery boiler 6 to the condenser 7 
is exhausted to the outside of the power generation sys- 
tem. 

[0011] In the aforementioned conventional power 
generation system, there is a problem in that carbon par- 
ticles and carbon monoxide are produced due to incom- 
plete combustion since oxygen and the fuel are mixed 
in a theoretical ratio to be fed to the combustor to be 
directly burned therein. There is also a problem in that 
the fuel, which has not been burned, remains in the com- 
bustor. It is known that carbon monoxide produced due 
to incomplete combustion is harmful to human beings. 
[0012] In addition, various by-products, such as alco- 
hols, are produced during combustion. In particular, for- 
maldehyde, which is one of by-products, is harmful to 
human beings. Since such by-products are produced, 
there is also a problem in that it is very difficult to sepa- 
rate and recover carbon dioxide by the condenser. 
[001 3] DE 39 24 908 A1 discloses a power generation 
system comprising the features of the preamble of claim 
1. 

SUMMARY OF THE INVENTION 

[001 4] It is therefore an object of the present invention 
to eliminate the aforementioned problems and to pro- 
vide a safe, long-lived power generation system by in- 
hibiting the production of carbon particles and carbon 
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monoxide, which remain due to incomplete combustion 
even if oxygen and a fuel supplied to a combustor in a 
theoretical ratio are burned therein, the remaining of the 
fuel, which has not been burned, and the production of 
by-products, such as alcohols, by combustion. 
[001 5] In order to accomplish the aforementioned and 
other objects, according to one aspect of the present 
invention, a power generation system comprises the 
features of claim 1 . 

[001 6] With the aforementioned construction, accord- 
ing to the present invention, it is possible to inhibit car- 
bon particles and carbon monoxide from being pro- 
duced by incomplete combustion. It is also possible to 
inhibit afuel, which has not been burned, from remaining 
and by-products, such as alcohols, from being deposit- 
ed. Moreover, it is possible to increase the life of a power 
generation system, and it is also possible to improve the 
safety thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] In the drawings: 

FIG. 1 is a block diagram of a conventional power 
generation system; 

FIG. 2 is a block diagram of the first preferred em- 
bodiment of a power generation system according 
to the present invention, which shows a basic con- 
cept of the present invention; 
FIG. 3 is a block diagram of the second preferred 
embodiment of a power generation system accord- 
ing to the present invention: 
FIG. 4 is a block diagram of the third preferred em- 
bodiment of a power generation system according 
to the present invention; 

FIG. 5 is a block diagram of a principal part of the 
fourth preferred embodiment of a power generation 
system according to the present invention; 
FIGS. 6A through 6C are block diagrams, each of 
which illustrates a principal part of the fifth preferred 
embodiment of a power generation system accord- 
ing to the present invention; 
FIG. 7 is a block diagram of a principal part of the 
sixth preferred embodiment of a power generation 
system according to the present invention; 
FIGS. 8A through 8D are block diagrams, each of 
which illustrates a principal part of the seventh pre- 
ferred embodiment of a power generation, system 
according to the present invention; 
FIGS. 9A and 9B are block diagrams, each of which 
illustrates a principal part of the eighth preferred 
embodiment of a power generation system accord- 
ing to the present invention; 
FIG. 10 is a block diagram of a principal part of the 
ninth preferred embodiment of a power generation 
system according to the present invention; 
FIGS. 11 A through 11C are block diagrams, each 
of which illustrates a principal part of the tenth pre- 



ferred embodiment of a power generation system 
according to the present invention; 
FIGS. 12A through 12D are block diagrams, each 
of which illustrates a principal part of the eleventh 

5 preferred embodiment of a power generation sys- 
tem according to the present invention; 
FIGS. 13A through 13D are block diagrams, each 
of which illustrates a principal part of the twelfth pre- 
ferred embodiment of a power generation system 

10 according to the present invention; 

FIGS. 14A through 14D are block diagrams, each 
of which illustrates a principal part of the thirteenth 
preferred embodiment of a power generation sys- 
tem according to the present invention; 

is FIG. 1 5 is a block diagram of a principal part of the 
fourteenth preferred embodiment of a power gen- 
eration system according to the present invention; 
FIG. 1 6 is a block diagram of a principal part of the 
fifteenth preferred embodiment of a power genera- 

20 tion system according to the present invention; 

FIG. 1 7 is a block diagram of a principal part of the 
sixteenth preferred embodiment of a power gener- 
ation system according to the present invention; 
FIG. 1 8 is a block diagram of a principal part of the 

25 seventeenth preferred embodiment of a power gen- 
eration system according to the present invention; 
FIG. 1 9 is a block diagram of a principal part of the 
eighteenth preferred embodiment of a power gen- 
eration system according to the present invention; 

30 FIG. 20 is a block diagram of a principal part of the 
nineteenth preferred embodiment of a power gen- 
eration system according to the present invention; 
FIG. 21 is a block diagram of a principal part of the 
twentieth preferred embodiment of a power gener- 
is ation system according to the present invention; 

FIG. 22 is a block diagram of a principal part of the 
twenty-first preferred embodiment of a power gen- 
eration system according to the present invention; 
FIG. 23 is a block diagram of a principal part of the 

40 twenty-second preferred embodiment of a power 
generation system according to the present inven- 
tion; 

FIG. 24 is a block diagram of a principal part of the 
twenty-third preferred embodiment of a power gen- 
45 eration system according to the present invention; 
FIG. 25 is a block diagram of a principal part of the 
twenty-fourth preferred embodiment of a power 
generation system according to the present inven- 
tion; 

so FIG. 26 is a block diagram of the twenty-fifth pre- 
ferred embodiment of a power generation control 
system according to the present invention; 
FIG. 27 is a flow chart of a method for controlling 
the recovery of carbon dioxide in the twenty-sixth 

55 preferred embodiment of a power generation sys- 
tem according to the present invention; and 
FIG. 28 is a block diagram of a principal part of the 
twenty-seventh preferred embodiment of a power 
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generation system according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[001 8] Referring now to the accompanying drawings, 
the preferred embodiments of a power generation sys- 
tem, according to the present invention, will be de- 
scribed in detail below. 

[0019] First, referring to the block diagram of FIG. 2, 
the basic concept of the first preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described. As shown in FIG. 2, a power 
generation system comprises: gas generating means 4 
for reforming, decomposing or gasifying a fuel supplied 
from fuel supply means, such as a fuel tank 3, to gen- 
erate a gas containing at least hydrogen; combustion 
means 1 , such as a combustor, for receiving a fluid con- 
taining the gas supplied from the gas generating means 
4, and a fluid containing, as a main component, a com- 
pound containing at least one of oxygen supplied from 
oxygen supply means, such as an oxygen tank 2, car- 
bon atoms, hydrogen atoms and oxygen atoms, to burn 
these fluids; power generating means 9 for generating 
electricity using the fluids supplied from the combustion 
means 1 ; and carbon dioxide recovery means 1 0 for re- 
covering at least a part of carbon dioxide from the fluids 
exhausted from the power generating means 9. Similar 
to the conventional power generation system shown in 
FIG. 1, the power generating means 9 may comprise, 
e.g., a gas turbine 5. The carbon dioxide recovery 
means 1 0 may comprise, e.g., a condenser 7. If neces- 
sary, carbon dioxide recovered by the carbon dioxide 
recovery means 1 0 is stored in a carbon dioxide storage 
tank 11 and processed so as not to be exhausted to at- 
mosphere. 

[0020] The power generation system shown in FIG. 
2, which serves as a basic concept of the present inven- 
tion, contains the gas generating means 4 and the car- 
bon dioxide recovery means 1 0. At this point, the power 
generation system shown in FIG. 2 is different from the 
conventional power generation system shown in FIG. 1 . 
The carbon dioxide recovery means 1 0 may include the 
condenser 7 which is the same as that of the conven- 
tional power generation system. However, carbon diox- 
ide (C0 2 ) and steam (H 2 0) are supplied to the condens- 
er 7, directly or via the gas generating means, from the 
power generating means 9, although carbon dioxide 
(C0 2 ) and steam (H 2 0) are supplied to the condenser 
7 via the exhaust heat recovery boiler 6 in the conven- 
tional power generation system shown in FIG. 1. Also 
at this point, both systems are different. 
[0021] Furthermore, if the recovered carbon dioxide 
may be recycled in a circulating cycle of the power gen- 
eration system if possible. Alternatively, the recovered 
carbon dioxide may be recycled as a secondary product 
in other industries by liquefying or solidifying (dry ice) 



the recovered carbon dioxide by cooling. In particular, 
the solidified carbon dioxide can be produced as a cool- 
ant or the like on a commercial basis. 
[0022] Referring to FIG. 3, the second preferred em- 

5 bodiment of a power generation system, according to 
the present invention, will be described below. 
[0023] FIG. 3 is a block diagram of the second pre- 
ferred embodiment of a power generation system ac- 
cording to the present invention. In the second preferred 

10 embodiment, a power generation system is provided 
with a reformer 1 2 serving as the gas generating means 
4. At this point, the second preferred embodiment is con- 
structed so as to have a concrete construction in com- 
parison with the first preferred embodiment. The carbon 

is dioxide recovery means 10 comprises a condenser 7. 
The condenser 7 recovers carbon dioxide and cools 
steam to generate water (H 2 0). A part of the generated 
water is discharged, and the rest thereof is circulated to 
a gas turbine 5 to be recycled. 

20 [0024] The combustor 1 is connected to an oxygen 
tank 2 for storing oxygen therein, the reformer 12 (a gas 
generating section 4) for reforming a fuel of a carbon 
compound, such as methanol, to generate a reformed 
gas, and a gas turbine 5 (a power generation section) 

25 for taking out energy from a high-temperature gas. The 
reformed gas includes at least hydrogen, or hydrogen 
and carbon dioxide. The reformer 12 is provided with a 
fuel tank 3 for storing therein a fuel such as methanol. 
Combustion gas exhausted from the combustor 1 is fed 

30 to the reformer 12 via the gas turbine 5. 

[0025] The reformer 12 feeds a reformed gas, such 
as hydrogen which is obtained by reforming a fuel gas 
such as methanol, to the combustor 1, and carbon di- 
oxide and steam to the condenser 7 (a carbon dioxide 

35 recovery section 1 0). The condenser 7 separates steam 
and carbon dioxide, which are fed from the reformer 12. 
Then, the condenser 7 discharges a part of condensed 
water to the reformer 1 2 and the rest of the condensed 
water to the outside of the power generation system. 

40 The separated carbon dioxide is recovered. The recov- 
ered carbon dioxide is liquefied. 
[0026] With this construction, the operation of the sec- 
ond preferred embodiment of a power generation sys- 
tem, according to the present invention, will be de- 

45 scribed below. 

[0027] To the reformer 1 2, methanol serving as a fuel 
is supplied from the fuel tank 3, and water is supplied 
from the condenser 7. The ratio of the feed rates of 
methanol to water (methanol : water) is 1 : 2. 

so [0028] In the reformer 12, the chemical reaction ex- 
pressed by the following formula (I) occurs to generate 
hydrogen and carbon dioxide. 

55 CH 3 OH + H 2 0 -> 3H 2 + C0 2 (1 ) 

[0029] Hydrogen and carbon dioxide obtained by the 
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aforementioned reaction are supplied to the combustor 
1 to required amounts. Simultaneously, a part of unre- 
acted excessive water, together with hydrogen and car- 
bon dioxide, is also fed to the combustor 1 . At the same 
time that hydrogen, carbon dioxide and steam are fed 
from the reformer 12 to the combustor 1 , oxygen (usu- 
ally air) is fed from the oxygen tank 2 to the combustor 1 . 
[0030] Oxygen supplied from the oxygen tank 2, and 
hydrogen, carbon dioxide and steam supplied from the 
reformer 12 are mixed in the combustor 1 to be burned 
therein. The combustion gases, such as steam and car- 
bon dioxide, burned in the combustor 1 are expanded. 
These combustion gases are fed to the gas turbine 5 to 
generate energy (electric power), which is taken out. 
[0031] Thereafter, steam and carbon dioxide, which 
are exhaust gases from the gas turbine 5, are fed to the 
reformer 12. Since these exhaust gases have a very 
high temperature, the exhaust gases are used in the gas 
generating means 4 as heat sources for allowing a re- 
forming reaction in the reformer 12 and for vaporizing 
steam or methanol. Steam and carbon dioxide supplied 
from the gas turbine 5 are fed to the condenser 7 after 
the heat thereof is absorbed. 

[0032] The condenser 7 separates carbon dioxide 
from steam. The separated carbon dioxide is fed to the 
carbon dioxide recovery section 1 0. In the carbon diox- 
ide recovery section 10, the recovered carbon dioxide 
is liquefied to be recovered so as not to be exhausted 
to the outside. A part of the steam separated from car- 
bon dioxide is condensed into a condensed water, which 
is supplied to the reformer 1 2 to be used again, and ex- 
cessive steam is exhausted to the outside of the power 
generation system. 

[0033] In the second preferred embodiment as de- 
scribed above, since the carbon component in the fuel 
gas is changed into carbon dioxide, it is possible to in- 
hibit carbon particles and carbon monoxide from being 
produced due to incomplete combustion, so that it is 
possible to operate the power generation system for a 
long term. 

[0034] In addition, the combustible range of hydrogen 
is in the range of from 4 to 75 (vol%), which is wider than 
the combustible range of 5 to 1 5 (vol%) of methane gas, 
the combustible range of 2.1 to 9.5 (vol%) of propane 
gas and the combustible range of 6 to 36 (vol%) of meth- 
anol. The burning rate is 291 (cm/s), which is far greater 
than the burning rate of 37 (cm/s) of methane gas, the 
burning rate of 43 (cm/s) of propane gas and the burning 
rate of 55 (cm/s) of methanol. Therefore, hydrogen is 
relatively difficult to cause incomplete combustion so as 
not to produce unburned fuel residues, so that the power 
generation system has a long life. 
[0035] Moreover, since the fuel is changed to hydro- 
gen and carbon dioxide, the production of by-products 
such as alcohols, e.g., formaldehyde, is inhibited. 
Therefore, components harmful to human beings are 
not produced, so that the safety of the power generation 
system can be improved. In addition, it is possible to pre- 



vent carbon dioxide, which produce acid rain to deteri- 
orates the global environment, from being exhausted to 
atmosphere. 

[0036] Referring to FIG. 4, the third preferred embod- 
s iment of a power generation system, according to the 
present invention, will be described below. 
[0037] In this preferred embodiment, acompressor 1 3 
is provided between a condenser 7 and a combustor 1 , 
and carbon dioxide supplied from the condenser 7 is re- 
10 covered to be supplied to the combustor 1 after com- 
pression. 

[0038] In the block diagram of FIG. 4, which illustrates 
the third preferred embodiment of a power generation 
system, the combustor 1 is connected to: an oxygen 

15 tank 2 for storing oxygen therein; a reformer 12 (gas 
generating means 4) for reforming a fuel of a carbon 
compound, such as methanol, to generate a reformed 
gas; a compressor 13 for compressing carbon dioxide; 
and a gas turbine (power generating means 9) for taking 

20 energy out of a high-temperature gas. The reformed gas 
contains at least hydrogen, or hydrogen and carbon di- 
oxide. To the reformer 12, a fuel is supplied from a fuel 
tank 3 for storing therein a fuel, such as methanol. The 
combustion gas supplied from the combustor 1 is fed to 

25 the reformer 12 via the gas turbine 5. 

[0039] From the reformer 1 2, a reformed gas, such as 
hydrogen which is obtained by reforming the combus- 
tion gas such as methanol, is fed to the combustor 1, 
and carbon dioxide and hydrogen fed from the gas tur- 

30 bine 5 are fed to the condenser 7. The condenser 7 (the 
carbon dioxide recovery means 10) separates steam 
and carbon dioxide which are fed from the reformer 12. 
A part of the condensed water is fed to the reformer 12, 
and the rest of water is discharged. The separated car- 

35 bon dioxide is fed to the compressor 13. A part of the 
carbon dioxide fed to the compressor 1 3 is compressed, 
and then, fed to the combustor 1. The rest of carbon 
dioxide is recovered. The recovered carbon dioxide is 
liquefied to be stored. 

40 [0040] With this construction, the operation of the third 
preferred embodiment of a power generation system, 
according to the present invention, will be described be- 
low. 

[0041] To the reformer 12, methanol serving as a fuel 
45 is supplied from the fuel tank 3, and water is supplied 
from the condenser 7. The ratio of the feed rates of 
methanol to water (methanol : water) is 1 : 2. In the re- 
former 12, the chemical reaction expressed by the fol- 
lowing formula (I) occurs to generate hydrogen and car- 
50 bon dioxide. 

CH 3 OH + H 2 0 3H 2 + C0 2 (1 ) 

55 [0042] Hydrogen and carbon dioxide obtained by 
such a reaction are supplied to the combustor 1 to re- 
quired amounts, and a part of unreacted excessive wa- 
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ter (steam) is also fed to the combustor 1 . To the com- 
bustor 1 , hydrogen, carbon dioxide and steam are fed 
from the reformer 1 2, and oxygen (usually air) is fed from 
the oxygen tank 2. Also, carbon dioxide is supplied from 
the compressor 4 to the combustor 1 . 
[0043] The oxygen supplied from the oxygen tank 2, 
the hydrogen, carbon dioxide and steam supplied from 
the reformer 12, and the carbon dioxide supplied from 
the compressor 13 are mixed in the combustor 1 to be 
burned therein. The combustion gas of steam and car- 
bon dioxide burned in the combustor 1 is expanded. This 
combustion gas is fed to the gas turbine 5 to generate 
energy (electric power), which is taken out. 
[0044] Thereafter, steam and carbon dioxide, which 
are exhaust gases from the gas turbine 5, are fed to the 
reformer 12. Since these exhaust gases have a very 
high temperature, these gases serve as heat sources 
for allowing a reforming reaction in the reformer 1 2 and 
for vaporizing water or methanol. Steam and carbon di- 
oxide exhausted from the gas turbine 5 are fed to the 
condenser 7 after the heat thereof is absorbed in the 
reformer 1 2. The condenser 7 separates carbon dioxide 
from steam. A part of the separated carbon dioxide is 
fed to the compressor 1 3 to be compressed therein, and 
then, fed to the combustor 1 . The rest of the carbon di- 
oxide is liquefied to be recovered. Therefore, the carbon 
dioxide is not exhausted to the outside of the power gen- 
eration system, so that carbon dioxide is not emitted to 
atmosphere. A part of the steam separated from carbon 
dioxide is condensed into a condensed water to be sup- 
plied to the reformer 12, and the rest of the steam is 
exhausted to the outside of the power generation sys- 
tem. 

[0045] In the third preferred embodiment as described 
above, since the carbon components in the fuel gas are 
changed into carbon dioxide, it is possible to inhibit car- 
bon particles and carbon monoxide from being pro- 
duced due to incomplete combustion, so that it is pos- 
sible to operate the power generation system for a long 
term. 

[0046] In addition, the combustible range of hydrogen 
is in the range of from 4 to 75 (vol%), which is wider than 
the combustible range of from 5 to 1 5 (vol%) of the meth- 
ane gas, the combustible range of from 2.1 to 9.5 (vol%) 
of propane gas and the combustible range of from 6 to 

36 (vol%) of methanol. The burning rate of hydrogen is 
291 (cm/s), which is far greater than the burning rate of 

37 (cm/s) of methane gas, the burning rate of 43 (cm/s) 
of propane gas and the burning rate of 55 (cm/s) of 
methanol. Therefore, hydrogen is relatively difficult to 
cause incomplete combustion so as to inhibit the pro- 
duction of unburned fuel residues, so that the power 
generation system has a long life. 

[0047] Moreover, since the fuel is changed to hydro- 
gen and carbon dioxide, the production of by-products 
such as alcohols, e.g., formaldehyde, is inhibited. 
Therefore, the safety of the power generation system 
can be improved since it is safe for human beings. In 



addition, at least a part of the carbon dioxide recovered 
by the condenser 7 is supplied to the combustion cham- 
ber 1 via the compressor 1 3, so that it is possible to pre- 
vent carbon dioxide, which produces acid rain and caus- 
5 es the earth anathermal phenomenon to deteriorate the 
global environment, from being exhausted to atmos- 
phere. Thus, it is possible to increase the quantity of en- 
ergy taken out of the gas turbine 5. 
[0048] Furthermore, the present invention should not 
be limited to the power generation systems in the first 
through third preferred embodiment, and it should be 
appreciated that the invention can be embodied in var- 
ious ways without departing from the principle of the in- 
vention. For example, the water separated by the car- 
bon dioxide recovery section to be discharged to the out- 
side of the power generation system may be used for 
cooling the gas generation section, the combustor and 
the power generating means. In addition, sea water may 
be used as a heat sink for cooling the fluid supplied from 
the combustor to the carbon dioxide recovery section. 
Moreover, a part of the carbon dioxide fed from the com- 
pressor 13 may be used for cooling the power generat- 
ing means 9. 

[0049] Furthermore, according to the present inven- 
tion, a power generation system is characterized in that 
a fuel is gasified to be supplied to a combustor in order 
to reform and decompose the fuel, and carbon dioxide 
supplied from power generating means is recovered in 
a circulating cycle of the power generation system to in- 
hibit carbon dioxide from being emitted to atmosphere. 
The present invention may include various modifica- 
tions having the aforementioned characteristics. In or- 
der to disclose such various modifications, a principal 
part of the fourth through twenty-fourth preferred em- 
bodiment of a power generation system, according to 
the present invention, will be described below. 
[0050] FIG. 5 is a block diagram of a principal part of 
the fourth preferred embodiment of a power generation 
system according to the present invention. In FIG. 5, at 
least a part of a fuel stored in a fuel tank (not shown) is 
supplied to gas generating means 4. In the gas gener- 
ating means 4, a gas containing at least hydrogen is pro- 
duced from the fuel. A fluid containing the gas exhaust- 
ed from the gas generating means is supplied to a com- 
bustor 1 . In addition, a fluid containing, as a main com- 
ponent, oxygen or a compound containing carbon atom 
(s) and/or hydrogen atom(s) and/or oxygen atom(s) is 
supplied to the combustor 1 . Although the oxygen sup- 
plied to the combustor 1 may be liquid or gas, the oxygen 
is preferably liquid in a case where it is stored. In addi- 
tion, the oxygen contained in the fluid, which is supplied 
to the combustor 1 , may be oxygen generated by elec- 
trolyzing water, or oxygen generated by vapor-phase 
separating air into nitrogen and oxygen. This method is 
called as a membrane separating method or an osmosis 
refrigeration method. 

[0051] As shown in FIG. 4, the fluid containing the gas 
exhausted from the gas generating means 4, and the 
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fluid containing, as a main component, oxygen or a com- 
pound of carbon atom(s) and/or hydrogen atom(s) and/ 
or oxygen atom(s), may be mixed in the combustor 1 or 
mixed before being supplied to the combustor 1 . The 
high-temperature fluid supplied from the combustor 1 is 
introduced into power generating means 9. The power 
generating means 9 generates electricity by expanding 
the introduced high-temperature fluid in the power gen- 
erating means 9. The fluid supplied from the power gen- 
erating means 9 is supplied to the carbon dioxide recov- 
ery means 10. At least a part of carbon dioxide con- 
tained in the fluid, which is exhausted from the power 
generating means 9, is recovered by the carbon dioxide 
recovery means 10. The power generation system com- 
prises the gas generating means 4, the combustor 1 , 
the power generating means 9 and the carbon dioxide 
recovery means 1 0. 

[0052] The fuel supplied to the gas generating means 
4 is a compound containing carbon and hydrogen. For 
example, it may contain at least one of methanol, etha- 
nol, methane, ethane, propane, butane, dimethyl ether, 
petroleum, carbon monoxide and formic acid. In partic- 
ular, methanol can generate a gas containing at least 
hydrogen at a temperature of about 300°C which is a 
relatively low temperature in power plants. In a case 
where a gas containing hydrogen is generated from 
methane, a temperature of about 900°C is required. 
[0053] In the gas generating means 4, a gas contain- 
ing hydrogen is generated by allowing a shift-reaction 
(reforming) of the aforementioned fuel, or by decompos- 
ing or gasifying the aforementioned fuel. For example, 
if the fuel is methanol, a gas containing hydrogen is gen- 
erated by the reforming reaction or decomposition. If the 
fuel is coal, it is gasified to generate carbon monoxide, 
and the shift reaction of the generated carbon monoxide 
is allowed to generate a gas containing hydrogen. 
[0054] The chemical formulae of the reforming reac- 
tion and decomposition when the fuel is methanol, and 
the chemical formula of the shift reaction when the fuel 
is carbon monoxide are as follows. 

i) Methanol: 

Reforming Reaction: 

CH 3 OH + H 2 0 -> 3H 2 + C0 2 (1 ) 
Decomposition: 

CH3OH -> 2H 2 + CO (2) 

ii) Carbon Monoxide: 

CO + H 2 0 -> H 2 + C0 2 (3) 



[0055] When the fuel is methanol, the gases supplied 
from the gas generating means 4 are hydrogen and car- 
bon dioxide (reforming reaction). The hydrogen and car- 
bon dioxide generated by the gas generating means 4 
5 are supplied to the combustor 1 . The gas generated by 
the gas generating means 4 may contain at least hydro- 
gen. When the fuel is methanol, hydrogen and carbon 
dioxide are supplied to the combustor 1 . The hydrogen 
and carbon dioxide generated by the gas generating 
means 4 may be mixed with water or oxygen in a storage 
tank (not shown) before being supplied to the combustor 
1 . As mentioned above, water or steam may be directly 
supplied to the combustor 1 even if it is not mixed with 
the gas generated by the gas generating means 4 be- 
fore being supplied to the combustor 1 . 
[0056] In the combustor 1 , the hydrogen and carbon 
dioxide generated by the gas generating means 4, and 
the fluid containing, as a main component, oxygen or a 
compound containing carbon atom(s) and/or oxygen at- 
om(s) and/or hydrogen atom(s) are burned. Also in a 
case where water or steam is mixed with hydrogen and 
oxygen supplied to the combustor 1 , it is burned with 
oxygen. 

[0057] When hydrogen, carbon dioxide and oxygen 
are burned, a fluid containing carbon dioxide and steam 
is generated in the combustor 1 . Also in a case where 
hydrogen, carbon dioxide and oxygen, and water or 
steam are burned, carbon dioxide and steam are gen- 
erated. The carbon dioxide and steam supplied from the 
combustor 1 are supplied to the power generating 
means 9 to generate electricity. 
[0058] The carbon dioxide and steam supplied from 
the power generating means 9 are fed to the carbon di- 
oxide recovery means 1 0. In the carbon dioxide recov- 
ery means 10, the steam is liquefied, i.e., condensed, 
to be separated into a gas and a liquid, specifically into 
carbon dioxide and water, and the carbon dioxide being 
a gas is recovered. The processes for separating steam 
into a gas and a liquid contain chemisorption processes, 
physical absorption processes, absorption processes, 
membrane separation processes and so forth. The 
chemisorption processes contain, e.g., the Alkanol 
amine process and the hot potassium carbonate proc- 
ess. 

[0059] As described above, in the fourth preferred 
embodiment, since most of carbon atoms contained in 
the fuel are changed to carbon dioxide, it is possible to 
inhibit carbon particles and carbon monoxide from being 
generated due to incomplete combustion. Therefore, it 
is possible to increase the life of the power generation 
system by inhibiting carbon atoms from being deposit- 
ed, and it is possible to provide a power generation sys- 
tem suitable for a favorable global environment by in- 
hibiting carbon monoxide from being generated. 
[0060] In addition, the combustible range of hydrogen 
generated by the gas generating means 4 is in the range 
of from 4 to 75 (vol%), which is wider than 5 to 15 (vol%) 
of the methane gas, 2.1 to 9.5 (vol%) of propane gas 
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and 6 to 36 (vol%) of methanol. Moreover, the burning 
rate of hydrogen is 291 (cm/s), which is far greater than 
37 (cm/s) of methane gas, 43 (cm/s) of propane gas and 
55 (cm/s) of methanol. Therefore, since hydrogen is rel- 
atively difficult to cause incomplete combustion, it is s 
possible to inhibit unburned fuel residues from being 
produced, so that the power generation system can 
have a long life. 

[0061] Since the fuel is changed to at least hydrogen 
and carbon dioxide by the gas generating means 4, the 
production of by-products, such as alcohols, e.g., for- 
maldehyde, is inhibited. Therefore, the safety of the 
power generation system can be improved since it is 
safe for human beings. 

[0062] In addition, since the fluid supplied by the com- 
bustor 1 consists of carbon dioxide and steam (or wa- 
ter), the vapor-liquid separation of carbon dioxide from 
water is easily carried out, so that it is possible to im- 
prove the separation efficiency. It is also possible to de- 
crease the costs and size of the carbon dioxide recovery 
means 1 0. 

[0063] Referring to FIGS. 6A through 6C, the con- 
struction and operation of the fifth preferred embodi- 
ment of a power generation system, according to the 
present invention, will be described below. In the under- 
mentioned preferred embodiments, the same reference 
numbers are used for the same elements as those in 
the first preferred embodiment, and the duplicated de- 
scriptions are omitted. The feature of the fifth preferred 
embodiment is that power generating means 9 compris- 
es a gas turbine 5 and/or a steam turbine 8. 
[0064] FIGS. 6A through 6C are block diagrams, each 
of which illustrates a principal part of the fifth preferred 
embodiment of a power generation system according to 
the present invention, wherein the power generating 
means 9 is a gas turbine 5 in FIG. 6A, a steam turbine 
B in FIG. 6B, and a combined system of the gas turbine 
5 and the steam turbine 8 in FIG. 6C. 
[0065] In FIG. 6A, the power generating means 9 is 
the gas turbine 5. A fluid supplied from the combustor 1 
is introduced into the gas turbine 5 to generate electric- 
ity. 

[0066] In FIG. 6B, the power generating means 9 is 
the steam turbine 8. Steam (a working fluid) supplied to 
the steam turbine 8 is generated using the heat of a fluid 
exhausted from the combustor 1. Specifically, an ex- 
haust-heat recovery boiler 6 is provided between the 
combustor 1 and carbon dioxide recovery means 10. 
Water is heated by the heat of the fluid supplied from 
the combustor 1 to generate steam. The generated 
steam is introduced into the steam turbine 8 as a work- 
ing fluid to generate electricity. The fluid supplied from 
the steam turbine 8 is condensed by means of a steam 
condenser 1 4 to be supplied to the exhaust-heat recov- 
ery boiler 6 again. 

[0067] In FIG. 6C, the power generating means 6 
comprises a combined system using the gas turbine 5 
and the steam turbine 8. The fluid supplied from the 



combustor 1 is introduced into the gas turbine 5 to gen- 
erate electricity. When the fluid exhausted from the gas 
turbine 5 passes through the exhaust-heat recovery 
boiler 6, the heat exchange is carried out. The heat of 
the fluid supplied from the gas turbine 5 is used for gen- 
erating steam, which is introduced into the steam turbine 
8, by means of the exhaust-heat recovery boiler 6. The 
steam generated by heating water by the heat exchange 
is introduced into the steam turbine 8 to generate elec- 
tricity. 

[0068] The power generating means 9 may be any 
one of constructions for generating electricity, such as 
the gas turbine 5 and the steam turbine 8. For example, 
the power generating means 9 may be a thermoelectric 
generator. 

[0069] Referring to FIG. 7, the construction and oper- 
ation of the sixth preferred embodiment of a power gen- 
eration system, according to the present invention, will 
be described below. 

[0070] FIG. 7 is a block diagram of a principal part of 
the sixth preferred embodiment of a power generation 
system, according to the present invention, which in- 
cludes a water or steam receiving portion in addition to 
the power generation system. A fuel or a gas containing 
at least hydrogen may be mixed with water or steam at 
any one or more of the following four locations. Water 
and steam is stored in a storage portion (not shown) or 
the like. 

© A fuel is supplied to gas generating means 4, 
the fuel is mixed with water or steam. 
(D A fuel is supplied to gas generating means 4, 
and water or steam is also supplied to the gas gen- 
erating means 4. In the gas generating means 4, 
the fuel is mixed with the water or steam. 
® Before a gas containing hydrogen supplied from 
gas generating means 4 is supplied to a combustor 
1, it is mixed with water or steam. The mixed fluid 
contains the gas supplied from the gas generating 
means 4. 

@ A gas containing at least hydrogen is supplied 
to a combustor 1 , and water or steam is also sup- 
plied to the combustor 1. In the combustor 1, the 
fuel is mixed with water or steam. 

[0071] At any one of the aforementioned © - @ or 
the combination thereof, a fuel or a gas containing at 
least hydrogen may be mixed with water or steam, may 
be. 

[0072] As mentioned above, in the sixth preferred em- 
bodiment, it is possible to supply water or steam by mix- 
ing a fuel with water or steam when the fuel is insufficient 
in the combustor 1 . It is also possible to increase the 
generated energy by increasing the quantity of fluid sup- 
plied to the gas turbine 5. Moreover, excessive heat pro- 
duced by combustion in the combustor 1 can be re- 
moved to cool the combustor 1 by water or steam. 
[0073] Referring to FIGS. 8A through 8D, the seventh 
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preferred embodiment of a power generation system, 
according to the present invention, will be described be- 
low. 

[0074] FIGS. 8A through 8D are block diagrams, each 
of which illustrates a principal part of the seventh pre- 
ferred embodiment of a power generation system ac- 
cording to the present invention. In this preferred em- 
bodiment, at least a part of water or steam recovered by 
carbon dioxide recovery means 10 is supplied. In this 
preferred embodiment, various modifications of the 
sixth preferred embodiment of the power generation 
system shown in FIG. 7 are described. 
[0075] In FIG. 7, a fuel or a gas containing at least 
hydrogen is mixed with water or steam stored in a stor- 
age portion without circulating water or steam generated 
in a power generation system. On the other hand, in 
FIGS. 8A through 8D, at least a part of water or steam 
generated in a power generation system, i.e., recovered 
by carbon dioxide recovery means 1 0, is mixed with a 
fuel supplied to gas generating means 4, or with a gas 
containing at least hydrogen supplied to a combustor 1 . 
The supplied locations are the same as those of FIG. 7. 
[0076] A fuel or a gas containing at least hydrogen 
may be mixed with water or steam at any one or more 
of the following four locations. 

© A fuel is supplied to gas generating means 4, 
the fuel is mixed with water or steam. 
© A fuel is supplied to gas generating means 4, 
and water or steam is also supplied to the gas gen- 
erating means 4. In the gas generating means 4, 
the fuel is mixed with the water or steam. 
® Before a gas containing hydrogen exhausted 
from gas generating means 4 is supplied to a com- 
bustor 1 , it is mixed with water or steam. The mixed 
fluid contains the gas exhausted from the gas gen- 
erating means 4. 

@ A gas containing at least hydrogen is supplied 
to a combustor 1, and water or steam is also sup- 
plied to the combustor 1. In the combustor 1, the 
fuel is mixed with water or steam. 

[0077] A fuel or a gas containing at least hydrogen 
may be mixed with water or steam at any one or more 
of the aforementioned locations© -@ . 
[0078] As mentioned above, in the seventh preferred 
embodiment, it is possible to supply water or steam by 
mixing a fuel with water or steam when the fuel is insuf- 
ficient in the combustor 1 . It is also possible to increase 
the generated energy by increasing the quantity of fluid 
supplied to the gas turbine 5. In addition, excessive heat 
produced by combustion in the combustor 1 can be re- 
moved to cool the combustor 1 by water or steam. More- 
over, it is not required to provide any storage portions 
for storing water or steam therein, and it is possible to 
improve the efficiency of the power generation system 
by recycling water or steam. 

[0079] Referring to FIGS. 9A and 9B, the construction 



and operation of the eighth preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described below. 
[0080] FIGS. 9A and 9B are block diagrams, each of 
5 which illustrates a principal part of the eighth preferred 
embodiment of a power generation system according to 
the present invention. As shown in FIGS. 9A and 9B, at 
least a part of water or steam recovered by carbon di- 
oxide recovery means 1 0 may be supplied as a working 
10 fluid for a steam turbine 8. 

[0081 ] in the eighty preferred embodiment, when the 
flow rate of steam supplied to the steam turbine 8 is in- 
sufficient, it is possible to supply water or steam to the 
steam turbine 8 by supplying water or steam separated 
and recovered by carbon dioxide recovery means 10, 
without providing an additional water or steam supply 
source. Thus, the utilization factor of water or steam is 
improved. 

[0082] Referring to FIG. 10, the construction and op- 
eration of the ninth preferred embodiment of a power 
generation system, according to the present invention, 
will be described below. 

[0083] FIG. 10 is a block diagram of the ninth pre- 
ferred embodiment of a power generation system ac- 
cording to the present invention. As shown in FIG. 10, 
a fuel supplied to gas generating means 4 is reformed, 
decomposed or gasified by the heat of a fluid exhausted 
from a combustor 1 . All or a part of the fluid exhausted 
from the combustor 1 may be supplied to the gas gen- 
erating means 4 when the fuel is reformed, decomposed 
or gasified. 

[0084] In the ninth preferred embodiment as de- 
scribed above, since the exhaust heat of the gas ex- 
hausted from the combustor 1 is used as a heat source 
for reforming, decomposing or gasifying the fuel, it is not 
required to provide an additional heat source, and it is 
possible to effectively utilize the exhaust heat. 
[0085] Referring to FIGS. 11 A through 11C, the con- 
struction and operation of the tenth preferred embodi- 
ment of a power generation system, according to the 
present invention, will be described below. 
[0086] FIGS. 11 A through 11 C are block diagrams, 
each of which illustrates the tenth preferred embodiment 
of a power generation system according to the present 
invention. As shown in FIGS. 11 A through 11C, a fuel 
supplied to gas generating means 4 is reformed, decom- 
posed or gasified by the heat of a fluid extracted from a 
gas turbine 5 or a steam turbine 8. The fluid extracted 
from the gas turbine 5 (FIG. 11 A), the fluid extracted 
from the steam turbine 8 (FIG. 1 1 B), or the fluid extract- 
ed from the gas turbine 5 and the fluid extracted from 
the steam turbine 8 (FIG. 11C) may be all or a part of 
the fluid in the gas turbine 5 or the steam turbine 8 if the 
fuel supplied to the gas generating means 4 is reformed, 
decomposed or gasified. 

[0087] Jn the tenth preferred embodiment as de- 
scribed above, since the exhaust heat of the fluid ex- 
hausted from the gas turbine 5 or the steam turbine 8 is 
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used as a heat source for reforming, decomposing or 
gasifying a fuel, it is not required to provide an additional 
heat source, and it is possible to effectively utilize the 
exhaust source. 

[0088] Referring to FIGS. 12A thorough 12D, the con- 
struction or operation of the eleventh preferred embod- 
iment of a power generation system, according to the 
present invention, will be described below. 
[0089] FIG. 12A through 12D are block diagrams, 
each of which illustrates the eleventh preferred embod- 
iment of a power generation system, according to the 
present invention, will be described below. In this pre- 
ferred embodiment, as shown in FIGS. 12A through 
1 2D, at least a part of carbon dioxide separated and re- 
covered by carbon dioxide recovery means 1 0 are sup- 
plied to gas generation means 4 or a combustor 1 . Car- 
bon dioxide may be supplied at any one or more the fol- 
lowing four locations. 

© Before a fuel is supplied to gas generating 
means 4, the fuel is mixed with carbon dioxide to be 
supplied to the gas generating means 4 (FIG. 12A). 
© A fuel is supplied to gas generating means 4, 
and carbon dioxide is also supplied to the gas gen- 
erating means 4 (FIG. 12B). in the gas generating 
means 4, the fuel is mixed with carbon dioxide. 
(D Before a gas containing at least hydrogen sup- 
plied from gas generating means 4 is supplied to a 
combustor 1, it is mixed with carbon dioxide (FIG. 
12C). The mixed fluid contains the gas supplied 
from the gas generating means 4. 
@ A gas containing at least hydrogen is supplied 
to a combustor 1 , and carbon dioxide is also sup- 
plied to the combustor 1 (FIG. 1 2D). In the combus- 
tor 1 , the fuel is mixed with carbon dioxide. 

[0090] A fuel or a gas containing at least hydrogen 
may be mixed with carbon dioxide at any one or more 
of the aforementioned locations© -@ . 
[0091] As mentioned above, in the eleventh preferred 
embodiment, it is possible to supply carbon dioxide re- 
quired for combustion in the combustor 1, by mixing a 
fuel with carbon dioxide. It is also possible to increase 
the quantity of the fluid, which is supplied to the gas tur- 
bine 5, to increase the generated energy. Moreover, ex- 
cessive heat produced by combustion in the combustor 
1 can be removed to cool the combustor 1 by supplying 
carbon dioxide to the gas containing at least hydrogen. 
[0092] Referring to FIGS. 13A through 13D, the con- 
struction and operation of the twelfth preferred embod- 
iment of a power generation system, according to the 
present invention, will be described below. 
[0093] FIGS. 13A through 13D are block diagrams, 
each of which illustrates a principal part of the twelfth 
preferred embodiment of a power generation system ac- 
cording to the present invention. As shown in FIG. 13A, 
a compressor 13 (or pump) may be provided between 
power generating means 9 and carbon dioxide recovery 



means 1 0. The compressor 1 3 compresses a fluid sup- 
plied from the power generating means 9 to supply a 
compressed fluid to the carbon dioxide recovery means 
10. By compressing the fluid supplied from the power 
s generating means 9 before the fluid is supplied to the 
carbon dioxide recovery means 1 0, a great amount of 
carbon dioxide can be recovered by the carbon dioxide 
recovery means 10. 

[0094] Alternatively, as shown in FIGS. 13A through 

10 1 3D, a compressor 1 3 may be provided downstream of 
carbon dioxide recovery means 10. In FIG. 13B, carbon 
dioxide is compressed, and in FIG. 13C, water is com- 
pressed. In FIG. 1 3D, both of carbon dioxide and steam 
are compressed. The carbon dioxide or water recovered 

is by carbon dioxide recovery means 1 0 is compressed by 
the compressor 1 3, so that the recovery of carbon diox- 
ide or steam can be improved. 
[0095] In this case, the compressor 1 3 may compress 
a fluid containing at least carbon dioxide, which is pro- 

20 duced in the power generation system, to a desired 
pressure, and a plurality of compressors 1 3 may be pro- 
vided in the power generation system if necessary. 
[0096] Referring to FIGS. 14A through 14D, the con- 
struction and operation of the thirteenth preferred em- 

25 bodiment of a power generation system, according to 
the present invention, will be described below. 
[0097] FIGS. 14A through 14D are block diagrams, 
each of which illustrates a principal part of the thirteenth 
preferred embodiment of a power generation system ac- 

30 cording to the present invention. In the thirteenth pre- 
ferred embodiment, as shown in FIG. 14A, a com- 
pressed fluid (carbon dioxide, steam) supplied from a 
compressor 13 provided between power generating 
means 9 and carbon dioxide recovery means 10 may 

35 be supplied to gas generating means 4 or a combustor 
1 , so that the amount of a fluid in the combustor 1 can 
be increased. By increasing the amount of the fluid sup- 
plied from the combustor 1 , the generated energy of the 
power generating means 9 can be increased. The com- 

40 pressed fluid can be supplied to the combustor 1 as a 
coolant, so that it is possible to prevent the temperature 
in the combustor 1 from rising to a temperature higher 
than a required temperature. 

[0098] Alternatively, as shown in FIG. 14B, a com- 
45 pressed fluid (carbon dioxide) supplied from a compres- 
sor 1 3 provided downstream of carbon dioxide recovery 
means 1 0 may be supplied to gas generating means 4 
or a combustor 1 , so that the amount of a fluid in the 
combustor 1 can be increased. By increasing the 
so amount of the fluid exhausted from the combustor 1 , the 
generated energy of power generating means 9 can be 
increased. The compressed fluid can be supplied to the 
combustor 1 as a coolant, so that it is possible to prevent 
the temperature in the combustor 1 from rising to a tern- 
55 perature higher than a required temperature. 

[0099] As shown in FIG. 14C, a compressed fluid 
(steam) supplied from a compressor 13 provided down- 
stream of carbon dioxide recovery means 1 0 may be 
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supplied to gas generating means 4 or a combustor 1 , 
so that the amount of a fluid in the combustor 1 can be 
increased. By increasing the amount of the fluid sup- 
plied from the combustor 1, the generated energy of 
power generating means 9 can be increased. The com- 5 
pressed fluid can be supplied to the combustor 1 as a 
coolant, so that it is possible to prevent the temperature 
in the combustor 1 from rising to a temperature higher 
than a required temperature. 

[0100] As shown in FIG. 14D, a compressed fluid (car- 
bon dioxide, steam) supplied from a compressor 13 pro- 
vided downstream of carbon dioxide recovery means 1 0 
may be supplied to gas generating means 4 or a com- 
bustor 1 , so that the amount of a fluid in the combustor 

I can be increased. By increasing the amount of the fluid 
exhausted from the combustor 1 , the generated energy 
of power generating means 9 can be increased. The 
compressed fluid can be supplied to the combustor 1 as 
a coolant, so that it is possible to prevent the tempera- 
ture in the combustor 1 from rising to a temperature 
higher than a required temperature. Furthermore, the 
fluid (carbon dioxide, steam) supplied from the com- 
pressor 13 may be directly mixed with a fuel supplied to 
the gas generating means 4, or with a gas containing 
hydrogen supplied to the combustor 1 . In a case where 
the compressed fluid is supplied to the gas generating 
means 4, it serves as a heat source required to reform, 
decompose or gasify the fuel. 
[0101] Referring to FIG. 15, the construction and op- 
eration of the fourteenth preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described below. 
[0102] FIG. 15 is a block diagrams of a principal part 
of the fourteenth preferred embodiment of a power gen- 
eration system according to the present invention. As 
shown in FIG. 15, a carbon dioxide liquefying section 15 
for liquefying carbon dioxide exhausted from carbon di- 
oxide recovery means 10 is provided. Carbon dioxide 
can be easily liquefied, and the liquefied carbon dioxide 
can be easily treated. The carbon dioxide liquefying sec- 
tion 15 is provided with a carbon dioxide storage portion 

II for storing the liquefied carbon dioxide. If the carbon 
dioxide storage portion 11 is provided, the liquefied car- 
bon dioxide may be stored if necessary. 
[0103] Referring to FIG. 16, the construction and op- 
eration of the fifteenth preferred embodiment of a power 
generation system, according to the present invention, 
will be described below. 

[0104] FIG. 1 6 is a block diagrams of a principal part 
of the fifteenth preferred embodiment of a power gener- 
ation system according to the present invention. As 
shown in FIG. 16, the cold of a liquid oxygen liquefied 
and supplied to a combustor 1 , the heat of vaporization 
of a fuel or the heat of vaporization of water is used as 
a heat sink for a carbon dioxide liquefying section 15. It 
is not required to provide an additional heat sink for liq- 
uefying carbon dioxide, so that it is possible to improve 
the thermal efficiency of the power generation system, 



and it is also possible to decrease the costs and size of 
the power generation system. If water (containing 
steam) generated in the power generation system is 
used for a heat sink, the power efficiency can be im- 
proved. 

[0105] Referring to FIG. 17, the construction and op- 
eration of the sixteenth preferred embodiment of a pow- 
er generation system, according to the present inven- 
tion, will be described below. 

[01 06] FIG. 1 7 is a block diagrams of a principal part 
of the sixteenth preferred embodiment of a power gen- 
eration system according to the present invention. As 
shown in FIG. 17, at least a part of carbon dioxide liq- 
uefied by a carbon dioxide liquefying section 15 is sup- 
plied to a combustor 1 . The liquefied carbon dioxide sup- 
plied to the combustor 1 is heated in the combustor 1 to 
be vaporized, so that the amount of a fluid in the com- 
bustor 1 can be increased. By increasing the amount of 
the fluid supplied from the combustor 1, the generated 
energy of power generating means 9 can be increased. 
The liquefied carbon dioxide can be supplied to the com- 
bustor 1 as a coolant, and it is possible to prevent the 
temperature in the combustor 1 from increasing to a 
temperature higher than a required temperature. 
[0107] Referring to FIG. 18, the construction and op- 
eration of the seventeenth preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described below. 
[0108] FIG. 18 is a block diagrams of a principal part 
of the seventeenth preferred embodiment of a power 
generation system according to the present invention. 
As shown in FIG. 18, a carbon dioxide vaporizing sec- 
tion 16 is provided between a combustor 1 and power 
generating means 9. At least a part of liquefied carbon 
dioxide is supplied from a carbon dioxide liquefying sec- 
tion 1 5 to the carbon dioxide vaporizing section 1 6. The 
liquefied carbon dioxide is heated by the heat of a fluid 
supplied from the combustor 1 , so that the liquefied car- 
bon dioxide is vaporized and expanded to be supplied 
to the combustor 1 . The amount of a fluid supplied to 
the power generating means 9 can be increased by the 
vaporized carbon dioxide supplied to the combustor 1 . 
The energy generated by the power generating means 
9 can be increased by increasing the amount of the fluid 
supplied to the power generating means 9. The carbon 
dioxide can be supplied to the combustor 1 as a coolant, 
so that it is possible to prevent the temperature in the 
combustor 1 from rising to a temperature higher than a 
required temperature. 

[0109] Referring to FIG. 19, the construction and op- 
eration of the eighteenth preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described below. 
[0110] FIG. 19 is a block diagrams of a principal part 
of the eighteenth preferred embodiment of a power gen- 
eration system according to the present invention. As 
shown in FIG. 19, the cold of liquid oxygen supplied to 
a combustor 1 or carbon dioxide liquefied by a carbon 



15 



20 



25 



30 



35 



40 



45 



50 



11 



21 



EP 0 831 205 B1 



22 



dioxide liquefying section 15 is used for cooling a steam 
condenser 14 provided in a steam turbine 8. If the cold 
of liquid oxygen or liquid carbon dioxide is used for cool- 
ing steam in the condenser 14, the cooling (condensa- 
tion) can be effectively carried out without the need of 
an additional cooling unit. 

[0111] Referring to FIG. 20, the construction and op- 
eration of the nineteenth preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described below. 
[0112] FIG. 20 is a block diagrams of a principal part 
of the nineteenth preferred embodiment of a power gen- 
eration system according to the present invention. As 
shown in FIG. 20, a fluid supplied from a combustor 1 
to carbon dioxide recovery means 10 can be cooled (i. 
e. t steam can be condensed) using the cold of liquefied 
oxygen supplied to the combustor 1 . If the cold of lique- 
fied oxygen is used, it is possible to effectively utilize the 
heat in the power generation system without the need 
of an additional heat sink unit. 
[01 13] Referring to FIG. 21 , the construction and op- 
eration of the twentieth preferred embodiment of a pow- 
er generation system, according to the present inven- 
tion, will be described below. 
[0114] FIG. 21 is a block diagrams of a principal part 
of the twentieth preferred embodiment of a power gen- 
eration system according to the present invention. As 
shown in FIG. 21 , a fluid supplied from a combustor 1 
to carbon dioxide recovery means 10 can be cooled (i. 
e. ( steam can be condensed) using the cold of carbon 
dioxide liquefied by a carbon dioxide liquefying section 
15. If the cold of liquefied carbon dioxide is used, it is 
possible to effectively utilize the heat in the power gen- 
eration system without the need of an additional heat 
sink unit. 

[0115] Referring to FIG. 22, the construction and op- 
eration of the twenty-first preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described below. 
[0116] FIG. 22 is a block diagrams of a principal part 
of the twenty-first preferred embodiment of a power gen- 
eration system according to the present invention. As 
shown in FIG. 22, a fluid supplied from a combustor 1 
to carbon dioxide recovery means 1 0 can be cooled (i. 
e., steam can be condensed) using the heat of vapori- 
zation of a fuel (e.g., methanol). If the heat of vaporiza- 
tion of the fuel is used, it is possible to effectively utilize 
the heat in the power generation system without the 
need of an additional heat sink unit. 
[0117] Referring to FIG. 23, the construction and op- 
eration of the twenty-second preferred embodiment of 
a power generation system, according to the present in- 
vention, will be described below. 
[0118] FIG. 23 is a block diagrams of a principal part 
of the twenty-second preferred embodiment of a power 
generation system according to the present invention. 
As shown in FIG. 23, a fluid supplied from a combustor 
1 to carbon dioxide recovery means 10 can be cooled 



(i.e., steam can be condensed) using the heat of vapor- 
ization produced when the pressure of water supplied 
to a pressure reducing section 1 7 is reduced. Since wa- 
ter is used as a cold source, the costs can be reduced 

5 and the handling can be easy. 

[0119] Referring to FIG. 24, the construction and op- 
eration of the twenty-third preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described below. 

w [01 20] FIG. 24 is a block diagrams of a principal part 
of the twenty-third preferred embodiment of a power 
generation system according to the present invention. 
As shown in FIG. 24, there is provided a gas flow-rate 
control section 1 8 for measuring and controlling the flow 

is rate of a fluid containing a gas supplied from gas gen- 
erating means 4. There is also provided an oxygen flow- 
rate control section 1 9 for measuring"and controlling the 
flow rate of oxygen contained in a fluid, which contains, 
as a main component, oxygen or a compound consisting 

20 of carbon atom(s), hydrogen atom(s) or oxygen atom(s). 
[0121] The flow rate of the fluid containing a gas is 
measured by the gas flow-rate control section 18, and 
the flow rate of oxygen to be supplied to a combustor 1 
may be controlled by the oxygen flow-rate control sec- 

25 tion 19 so as to correspond to the measured flow-rate 
value of the fluid. Alternatively, the flow rate of oxygen 
may be measured by the oxygen flow-rate control sec- 
tion 1 9, and the flow rate of the fluid containing a gas to 
be supplied to the combustor 1 may be controlled by the 

30 gas flow-rate control section 1 8 so as to correspond to 
the measured flow-rate value of oxygen. 
[01 22] Assuming that the fuel supplied to the gas gen- 
erating means 4 is CxHyOz, the flow rate of oxygen con- 
tained in a fluid containing, as a main component, oxy- 

35 gen or a compound consisting of carbon atom(s) and/or 
hydrogen atom(s) and/or oxygen atom(s) is controlled 
on the basis of a stoichiometric mixture ratio as ex- 
pressed by the following formula (4). 

40 

(4 x+ 1 y -2 x )/4 (4) 

[0123] As described above, in the twenty-third pre- 
ferred embodiment, the flow rate of a fluid containing a 

45 gas and the flow rate of oxygen contained in a fluid, 
which contains, as a main component, oxygen or a com- 
ponent consisting of carbon atom(s) and/or hydrogen at- 
om(s) and/or oxygen atom(s), are controlled by the gas 
flow-rate control section 18 and the oxygen flow-rate 

50 control section 1 9 on the basis of the formula (4), so that 
the power generating efficiency can be optimized and 
incomplete combustion can be inhibited. If the incom- 
plete combustion is inhibited, it is possible to by-prod- 
ucts from being deposited, so that it is possible to pro- 

55 vide a safe power generation system which does not 
have a bad influence on the global atmosphere. 
[01 24] Referring to FIG. 25, the construction and op- 
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eration of the twenty-fourth preferred embodiment of a 
power generation system, according to the present in- 
vention, will be described below. 
[0125] FIG. 25 is a block diagrams of a principal part 
of the twenty-fourth preferred embodiment of a power 5 
generation system according to the present invention. 
As shown in FIG. 25, a carbon dioxide flow-rate meas- 
uring section 20 is provided between a combustor 1 and 
a compressor 1 3. The flow rate of carbon dioxide of a 
fluid supplied from the compressor 13 is measured by 
the carbon dioxide flow-rate measuring section 20. The 
measured value is fed to an oxygen flow-rate controlling 
section 19. On the basis of the measured values of a 
fuel flow-rate controlling section 1 8 and the carbon di- 
oxide flow-rate measuring section 20, the oxygen flow- 
rate measuring section 1 9 controls the flow rate of oxy- 
gen contained in a fluid, which is supplied to the com- 
bustor 1 and which contains, as a main component, ox- 
ygen or a component consisting of carbon atom(s) and/ 
or hydrogen atom(s) and/or oxygen atom(s). 
[0126] As described above, in the twenty-fourth pre- 
ferred embodiment, the flow rate of a fluid containing a 
gas, the flow rate of oxygen contained in a fluid, which 
contains, as a main component, oxygen or a component 
consisting of carbon atom(s) and/or hydrogen atom(s) 
and/or oxygen atom(s), and the flow rate of carbon di- 
oxide contained in a fluid supplied from the compressor 
1 3 are controlled by the gas flow-rate control section 1 8, 
the oxygen flow-rate control section 19 and the carbon 
dioxide flow-rate control section 20 on the basis of the 
formula (4), so that the power generating efficiency can 
be optimized and incomplete combustion can be inhib- 
ited. If the incomplete combustion is thus inhibited, it is 
possible to inhibit by-products from being deposited by 
power generation, so that it is possible to provide a safe 
power generation system which does not have a bad 
influence on the global atmosphere. 
[0127] While the preferred embodiments of a power 
generation system according to the present invention 
have been described, the present invention should not 
be limited thereto, but the invention may be applied to 
a power generation control system. FIG. 26 is a block 
diagram of the twenty-fifth preferred embodiment of a 
power generation control system according to the 
present invention. 

[0128] In FIG. 26, combustion means 1 , gas generat- 
ing means 4, power generating means 9, carbon dioxide 
recovery means 10 and so forth have the same con- 
structions as those in the preceding preferred embodi- 
ments. The flows of oxygen, a fuel, hydrogen, carbon 
dioxide, water, energy and so forth are expressed by 
thick arrows in FIG. 26. In this preferred embodiment, a 
power generation control system includes: oxygen sup- 
ply means 2 comprising, e.g., an oxygen tank, an oxy- 
gen supply valve and so forth; fuel supply means 3 com- 
prising a fuel tank, a fuel supply valve and so forth; con- 
trol means 21 for controlling the operations of the com- 
bustion means 1 , the power generating means 9, the 



carbon dioxide recovery means 1 0 and so forth; and out- 
put detecting means 22 for detecting the output of elec- 
tric energy generated by the power generating means 9. 
[01 29] A target output is inputted to the control means 

21 , and actual energy generated by the power generat- 
ing means 9 is detected by the output detecting means 

22. On the basis of the target output and the actually 
detected output, the control means 21 determines the 
feed rates of the fuel, oxygen and so forth and controls 
combustion in the combustion means 1 . Thus, the en- 
ergy generated by the power generating means 9 can 
be controlled, and the amount of the recovered carbon 
dioxide, which is most important in the present inven- 
tion, can be detected and controlled. The most effective 
amount of the recovery carbon dioxide is calculated at 
the input target output, and the amount of the recovery 
carbon dioxide is controlled so that the amount of carbon 
dioxide emitted to atmosphere is minimum. 

[0130] Finally, referring to FIG. 27, a process for con- 
trolling the twenty-sixth preferred embodiment of a pow- 
er generation system, according to the present inven- 
tion, will be described below. Furthermore, the control 
process shown in FIG. 27 may be applied to the power 
generation control system shown in FIG. 26. 
[0131] In FIG. 27, first, a target output is determined 
at step ST1 . On the basis of the determined target out- 
put, the feed rates of oxygen and a fuel are determined 
(step ST2). Then, the amount of water in a reformer 
serving as gas generating means is determined (step 
ST3), and the amount of hydrogen gas supplied from 
the reformer is determined (step ST4). Subsequently, it 
is determined at step ST5 whether a target combustion 
temperature T t in the combustion means 1 is higher than 
the allowable minimum temperature T L and lower than 
the allowable maximum temperature T H . When the tar- 
get temperature T t is within the allowable scope, the 
amount of recovered carbon dioxide is determined at 
step ST6. On the basis of the determined amount of the 
recovered carbon dioxide, various valves are controlled 
(step ST7), so that carbon dioxide is recovered in a usu- 
al power generating state to inhibit carbon dioxide from 
being emitted. 

[01 32] When it is determined at step ST5 that the tar- 
get temperature is beyond the desired scope, it is de- 
termined whether the target temperature is lower than 
the minimum temperature (step ST8). When it is deter- 
mined the target temperature is lower than the minimum 
temperature, the amounts of the circulated carbon diox- 
ide and oxygen are decreased, and the routine is re- 
peated from the step ST3. When it is determined at step 
ST8 that the target temperature exceeds the minimum 
temperature, it is determined again whether the target 
temperature exceeds the maximum temperature (step 
ST10). When it is determined that the target tempera- 
ture does not exceed the maximum temperature, the 
routine goes to step ST6. When it is determined at step 
ST1 0 that the target temperature exceeds the maximum 
temperature, it is reset so that the amounts of the circu- 
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lated carbon dioxide and water are decreased (step 
ST11). Then, the routine goes from step ST11 to step 
ST3, and the processes of steps ST4 through ST7 are 
repeated. 

[0133] In the former embodiments described above, 
even though all of the power generation systems have 
the gas generating means 4 for supplying a gas contain- 
ing at least hydrogen to the combustion means 1 , the 
present invention is not limited in the constitution and 
may comprise a component without the gas generating 
means such as a power generation system according 
to the twenty-seventh embodiment shown in FIG. 28. 
[0134] In FIG. 28, the power generation system ac- 
cording to twenty-seventh embodiment comprises a 
combustor 1 for receiving and burning a fluid containing 
at least hydrogen and a fluid containing, as a main com- 
ponent, oxygen or a compound containing atoms select- 
ed from the group consisting of carbon, hydrogen or ox- 
ygen, power generating means 9 for generating electric- 
ity using a fluid supplied from the combustor 1 , and car- 
bon dioxide recovery means 10 for recovering at least 
a part of carbon dioxide from a fluid supplied from the 
power generating means 9. 

[0135] The carbon dioxide recovery means 1 0 lique- 
fies steam to separate the steam into a gas and liquid. 
The carbon dioxide recovery means 1 0 is connected to 
a carbon dioxide liquefying section 15 for requefying a 
fluid containing carbon dioxide exhausted from the car- 
bon dioxide recovery means 10. The power generation 
system according to twenty-seventh embodiment fur- 
ther comprises carbon dioxide storage means 11 for 
storing carbon dioxide liquefied by the carbon dioxide 
liquefying section 15. 

[0136] Moreover, carbon dioxide liquefied and stored 
in the storage means 11 is composed with hydrogen 
supplied from another section to reform a fuel such as 
a methanol when the occasion demands. The reformed 
methanol and the like is used as a fuel for the power 
generating means. 

[0137] Thus, it is possible to suitably generate elec- 
tricity at a desired output without emitting carbon dioxide 
to atmosphere. Thus, it is possible to inhibit the earth 
anathermal phenomenon, and it is possible to inhibit ac- 
id rain which may destroy the plant system containing 
tropical rain forest. 



Claims 

1 . A power generation system comprising: 

gas generating means (4) for reforming, de- 
composing or gasifying a fuel to generate a gas 
containing at least hydrogen; 
combustion means (1) for receiving and burn- 
ing a fluid containing the gas supplied from the 
gas generating means and fluid containing as 
a main component oxygen or a compound con- 



taining atoms selected from the group consist- 
ing of carbon, hydrogen or oxygen atoms and 
combinations thereof; 

power generating means (9) for generating 
5 electricity using a fluid supplied from the com- 

bustion means (1); and 

carbon dioxide recovery means (10) for recov- 
ering at least a part of carbon dioxide from a 
fluid exhausted from the power generating 
10 means (9), 

wherein said fuel is a compound containing 
carbon or hydrogen, said fuel being selected from 
the group consisting of methanol, ethanol, meth- 

is ane, ethane, propane, butane, dimethylether, dieth- 
ylether, coal, carbon monoxide, formic acid and the 
mixture thereof, 

characterized in that at least a part of water 
or steam recovered by said carbon dioxide recovery 

20 means (1 0) is supplied to a steam turbine (8) serv- 
ing as said power generating means (9). 

2. A power generation system according to claim 1 , 
wherein said oxygen contains at least oxygen ob- 

25 tained by decomposing water or separating air. 

3. A power generation system according to claim 1 , 
wherein said oxygen is liquid oxygen. 

30 4. A power generation system according to claim 3, 
wherein a fluid supplied from said combustion 
means (1) and supplied to said carbon dioxide re- 
covery means (10) is cooled by said liquid oxygen, 
liquefied carbon dioxide, or heat of vaporization of 
35 said fuel or water. 

5. A power generation system according to claim 1 , 
wherein said fluid containing the gas supplied from 
the gas generating means (4) is mixed with said flu- 

40 id containing as a main component oxygen or a 
compound containing atoms selected from the 
group consisting of carbon, hydrogen and oxygen 
atoms and the combinations thereof, before said 
fluid are supplied to said combustion means (1). 

45 

6. A power generation system according to claim 1 , 
wherein said carbon dioxide recovery means (10) 
liquefies steam to separate the steam into a gas and 
a liquid. 

50 

7. A power generation system according to claim 6, 
wherein a fluid supplied from said combustion 
means (1) and supplied to said carbon dioxide re- 
covery means (10) is cooled by said liquid oxygen, 

55 liquefied carbon dioxide, or heat of vaporization of 
said fuel or water. 

8. A power generation system according to claim 1 , 
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wherein said power generating means (9) contains 
at least one of a gas turbine (5) and a steam turbine 
(8). 

9. A power generation system according to claim 8, 
wherein a working fluid supplied to said steam tur- 
bine (8) is heated by the heat of a fluid supplied from 
said combustion means (1). 

10. A power generation system according to claim 1, 
wherein water or steam is supplied to any one of 
said combustion means (1 ) and said gas generating 
means (4). 

11. A power generation system according to claim 1, 
wherein at least a part of water or steam recovered 
by said carbon dioxide recovery means (1 0) is sup- 
plied to at least one of said combustion means (1) 
and said gas generating means (4). 

12. A power generation system according to claim 11 , 
wherein said fuel supplied to said gas generating 
means (4) is reformed, decomposed or gasified by 
the heat of a fluid supplied from said combustion 
means (1). 

13. A power generation system according to claim 11 , 
wherein said fuel supplied to said gas generating 
means (4) is reformed, recomposed or gasified by 
the heat of a fluid extracted from said gas turbine 
(5) or said steam turbine (8). 

14. A power generation system according to claim 1, 
wherein said carbon dioxide recovered by said car- 
bon dioxide recovery means (1 0) is supplied to at 
least one of said gas generating means (4) and said 
combustion means (1). 

15. A power generation system according to claim 1, 
further comprising a compressor (1 3) for compress- 
ing a fluid containing carbon dioxide. 

16. A power generation system according to claim 15, 
wherein a fluid exhausted from said compressor 
(13) is supplied to at least one of said combustion 
means (1) and said gas generating means (4). 

17. A power generation system according to claim 1, 
further comprising a carbon dioxide liquefying sec- 
tion (15) for liquefying a fluid containing carbon di- 
oxide exhausted from said carbon dioxide recovery 
means (10). 

18. A power generation system according to claim 17, 
further comprising carbon dioxide storage means 
for storing carbon dioxide liquefied by said carbon 
dioxide liquefying section (15). 



19. A power generation system according to claim 18, 
wherein a fluid exhausted from said combustion 
means (1) and supplied to said carbon dioxide re- 
covery means (10) is cooled by said liquid oxygen 

s liquefied carbon dioxide, or heat of vaporization of 
said fuel or water. 

20. A power generation system according to claim 1 , 
further comprising: 

a gas flow-rate control section (1 8) for control- 
ling a flow rate of a fluid containing a gas sup- 
plied from said gas generating means (4) and 
supplied to said combustion means (1); 
an oxygen flow-rate control section (19) for 
controlling a flow rate of oxygen contained in 
said fluid supplied to said combustion means 
(1), said fluid containing as a main component 
oxygen or a compound containing atoms se- 
lected from the group consisting of carbon, hy- 
drogen and oxygen atoms and the combination 
thereof; and 

control means (21) for controlling a flow rate of 
oxygen or a fuel so as to correspond to said 
flow rate of said fluid containing gas or said ox- 
ygen. 

21. A power generation system according to claim 20, 
wherein said control means (21) controls said gas 
flow-rate control section (1 8) and said oxygen flow- 
rate control section (1 9) so that said flow rate of said 
oxygen is obtained on the basis of a stochiometric 
mixture ratio of (4 X + 1 Y + 2 z )/4, where X, Y and Z 
are integers, assuming that said fluid containing a 
gas is CxHyOz. 



Patentanspruche 



Gaserzeugungsmitteln (4) zum Umformen, 
Zersetzen Oder Gasifizieren eines Brennstoffs, 
urn ein Gas zu erzeugen, das zumindest Was- 
45 serstoff beinhaltet; 

Verbrennungsmitteln (1) zum Aufnehmen und 
Verbrennen eines Fluids, das das von den Ga- 
serzeugungsmitteln her gelieferte Gas beinhal- 
50 tet, und von Fluid, das als Hauptkomponente 

Sauerstoff Oder eine Verbindung beinhaltet, die 
Atome von Kohlenstoff, Wasserstoff Oder Sau- 
erstoff Oder Kombinationen daraus aufweist; 

55 etnem Energieerzeugungsmittel (9) zum Er- 

zeugen von Elektrizitat unter Verwendung ei- 
nes von den Verbrennungsmitteln (1 ) her gelie- 
ferten Fluids; und 
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Kohlendioxid-Wiedergewinnungsmittel (1 0) 
zum Wiedergewinnen zumindest eines Teils 
des Kohlendioxids aus einem von dem Ener- 
gieerzeugungsmittel (9) ausgestoBenen Fluid, 

wobei der Brennstoff eine Verbindung ist, die Koh- 
lenstoff Oder Wasserstoff beinhaltet und aus Metha- 
nol, Ethanol, Methan, Ethan, Propan, Butan, Dime- 
thylether, Diethylether, Kohle, Kohlenmonoxid, 
Ameisensaure und der Mischung daraus ausge- 
wahlt ist, 

dadurch gekennzeichnet, dass zumindest ein Teil 
des Wassers Oder Dampfes, das bzw. der von den 
Kohlendioxid-Wiedergewinnungsmitteln (10) wie- 
dergewonnen wird, einer Dampfturbine (8) zuge- 
fuhrt wird, die ais das Energieerzeugungsmittel (9) 
dient. 

2. Energieerzeugungssystem nach Anspruch 1 , wo- 
bei der Sauerstoff zumindest den Sauerstoff be- 
inhaltet, der durch Zersetzen von Wasser Oder Se- 
parieren von Luft erhalten wird. 

3. Energieerzeugungssystem nach Anspruch 1, wo- 
bei der Sauerstoff flussiger Sauerstoff ist. 

4. Energieerzeugungssystem nach Anspruch 3, wo- 
bei ein Fluid, das von den Verbrennungsmitteln (1) 
zu den Kohlendioxid-Wiedergewinnungsmitteln 
(1 0) geliefert wird, mittels des f lussigen Sauerstoffs, 
verflussigten Kohlendioxids oder Warme aus der 
Verdampfung des Brennstoffs Oder Wassers ge- 
kuhlt wird. 

5. Energieerzeugungssystem nach Anspruch 1 , wo- 
bei das Fluid, das das von den Gaserzeugungsmit- 
teln (4) gelieferte Gas beinhaltet, mit dem Fluid ge- 
mischt wird, das als Hauptkomponente Sauerstoff 
Oder eine Verbindung beinhaltet, die Atome von aus 
Kohlenstoff, Wasserstoff oder Sauerstoff Oder Kom- 
binationen daraus aufweist, bevor das Fluid zu den 
Verbrennungsmitteln (10) geliefert wird. 

6. Energieerzeugungssystem nach Anspruch 1 , wo- 
bei die Mittel (10) zur Wiedergewinnung von Koh- 
lendioxid Dampf verflussigen, urn den Dampf in ein 
Gas und eine Flussigkeit zu separieren. 

7. Energieerzeugungssystem nach Anspruch 6, wo- 
bei ein Fluid, das von den Verbrennungsmitteln (1) 
her geliefert wird und zu den Mitteln (10) zur Wie- 
dergewinnung von Kohlendioxid geliefert wird, mit- 
tels des flussigen Sauerstoffs, verflussigten Koh- 
lendioxids oder Warme aus der Verdampfung des 
Brennstoffs oder Wassers gekuhlt wird. 

8. Energieerzeugungssystem nach Anspruch 1 , wo- 
bei das Energieerzeugungsmittel (9) eine Gasturbi- 



ne (5) und/oder eine Dampfturbine (8) beinhaltet. 

9. Energieerzeugungssystem nach Anspruch 8, wo- 
bei ein zu der Dampfturbine (8) geliefertes Arbeits- 

5 fluid durch die Hitze eines Fluids erwarmt wird, das 
von den Verbrennungsmitteln (1) her geliefert wird. 

10. Energieerzeugungssystem nach Anspruch 1, wo- 
bei Wasser oder Dampf den Verbrennungsmitteln 

10 (1) und/oder den Gaserzeugungsmitteln (4) zuge- 
fuhrt wird. 

11. Energieerzeugungssystem nach Anspruch 1, wo- 
bei zumindest ein Teil des Wassers oder Dampfes, 

15 das bzw. der von den Mitteln (1 0) zur Wiedergewin- 
nung von Kohlendioxid wiedergewonnen wird, den 
Verbrennungsmitteln (1) und/oder den Gaserzeu- 
gungsmitteln (4) zugefuhrt wird. 

20 12. Energieerzeugungssystem nach Anspruch 11, wo- 
bei der Brennstoff, der den Gaserzeugungsmitteln 
(4) zugefuhrt wird, umgewandelt, zersetzt oder ga- 
sifiziert wird mittels der Warme eines Fluids, das 
von den Verbrennungsmitteln (1) her geliefert wird. 

25 

13. Energieerzeugungssystem nach Anspruch 11, wo- 
bei der Brennstoff, der den Gaserzeugungsmitteln 
(4) zugefuhrt wird, umgeformt, neu zusammenge- 
setzt oder gasifiziert wird mittels der Warme eines 

30 Fluids, das von der Gasturbine (5) oder der Dampf- 
turbine (8) extrahiert wird. 

14. Energieerzeugungssystem nach Anspruch 1, wo- 
bei das von den Mitteln (10) wiedergewonnene 

35 Kohlendioxid den Gaserzeugungsmitteln (4) und/ 
oder den Verbrennungsmitteln (1) zugefuhrt wird. 

15. Energieerzeugungssystem nach Anspruch 1, wei- 
ter mit einem Kompressor (13) zum Komprimieren 

40 eines Fluids, das Kohlendioxid beinhaltet. 

16. Energieerzeugungssystem nach Anspruch 15, wo- 
bei ein von dem Kompressor (13) ausgestoBenes 
Fluid zu den Verbrennungsmitteln (1) und/oder den 

45 Gaserzeugungsmitteln (4) geleitet wird. 

17. Energieerzeugungssystem nach Anspruch 1, wei- 
ter mit einem Abschnitt (15) zum Verflussigen von 
Kohlendioxid, zum Verflussigen eines von den Mit- 

50 teln (10) zur Widergewinnung von Kohlendioxid 
ausgestoBenen Fluids, das Kohlendioxid beinhal- 
tet. 

18. Energieerzeugungssystem nach Anspruch 1 7, wei- 
55 ter mit Mitteln zum Speichern von mittels des Ab- 

schnitts (15) verflussigtem Kohlendioxid. 

19. Energieerzeugungssystem nach Anspruch 18, wo- 
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bei ein von den Verbrennungsmitteln (1) ausgesto- 
Benes und den Mitteln (10) zur Wiedergewinnung 
von Kohlendioxid zugefuhrtes Fluid mittels des fliis- 
sigen Sauerstoffs, verflussigten Kohlendioxidsoder 
Warme aus der Verdampfung des Brennstoffs Oder 
Wassers gekuhlt wird. 

20. Energieerzeugungssystem nach Anspruch 1 , wei- 
ter mit: 

einem Abschnitt (18) zum Steuern einer Durch- 
flussgeschwindigkeit eines Fluids, das ein Gas 
beinhaltet, das von den Gaserzeugungsmitteln 
(4) her geliefert und zu den Verbrennungsmit- 
teln (1) befordert wird; 

einem Abschnitt (1 9) zum Steuern einer Durch- 
flussgeschwindigkeit von Sauerstoff, der in 
dem Fluid vorhanden ist, das den Verbren- 
nungsmitteln (1) zugefuhrt wird, wobei dieses 
Fluid als eine Hauptkomponente Sauerstoff 
Oder eine Verbindung beinhaltet, die Atome von 
Kohlenstoff, Wasserstoff Oder Sauerstoff Oder 
Kombinationen daraus aufweist; und 

Steuermitteln (21) zum Steuern einer Durch- 
f lussgeschwindigkeit von Sauerstoff Oder eines 
Brennstoffs, so dass diese der Durchflussge- 
schwindigkeit des Fluids entspricht, das das 
Gas Oder den Sauerstoff beinhaltet. 



et leurs associations ; 

un moyen de production d'energie (9) pour ge- 
nerer de Pelectricite en utilisant un fluide produit 
par le moyen de combustion (1) ; et 
5 un moyen de recuperation de dioxyde de car- 

bone (10) pour recuperer au moins une partie 
du dioxyde de carbone d'un fluide libere par le 
moyen de production d'energie (9), 

10 dans lequel ledit combustible est un compose 

contenant du carbone ou de I'hydrogene, ledit com- 
bustible etant choisi dans le groupe consistant en 
le methanol, Pethanol, le methane, Pethane, le 
propane, le butane, Pettier dimethylique, I'Sther die- 
's thylique, le charbon, le monoxyde de carbone, Paci- 
de formique et leurs melanges, 

caracterise en ce qu'au moins une partie de 
I'eau ou de la vapeur recuperee par ledit moyen de 
recuperation de dioxyde de carbone (10) est deli- 
20 vree a une turbine a vapeur (8) constituant ledit 
moyen de production d'energie (9). 

2. Systeme de production d'energie selon la revendi- 
cation 1, dans lequel ledit oxygene contient au 

25 moins de I'oxygene obtenu en decomposant de 
I'eau ou en separant de Pair. 

3. Systeme de production d'energie selon la revendi- 
cation 1 , dans lequel ledit oxygene est de I'oxygene 

30 liquide. 



21. Energieerzeugungssystem nach Anspruch 20, wo- 
bei die Steuermittel (21) den Abschnitt (18) zur 
Steuerung der Gasdurchflussgeschwindigkeit und 
den Abschnitt (19) zur Steuerung der Sauerstoff- 
Durchflussgeschwindigkeit so ansteuern, dass die 
Durchflussgeschwindigkeit des Sauerstoffs auf der 
Basis eines stdchiometrischen Mischverhaltnisses 
von (4 X + 1y + 2 z )/4 erhalten wird, wobei X, Y und 
Z ganze Zahlen sind, und zwar unter der Annahme, 
dass das Fluid, das ein Gas beinhaltet, CxHyOz ist 



Revendications 

1. Systeme de production d'energie comprenant : 

un moyen de production de gaz (4) pour refor- 
mer, decomposer ou gazeifier un combustible 
pour generer un gaz contenant au moins de 
I'hydrogene ; 

un moyen de combustion (1) pour recevoir et 
bruler un fluide contenant le gaz produit par le 
moyen de production de gaz et un fluide con- 
tenant en tant que composant principal, de 
I'oxygene ou un compose comprenant des ato- 
mes choisis dans le groupe consistant en des 
atomes de carbone, d'hydrogene ou d'oxygene 



4. Systeme de production d'energie selon la revendi- 
cation 3, dans lequel un fluide fourni par ledit moyen 
de combustion (1) et delivre audit moyen de recu- 
35 peration de dioxyde de carbone (1 0) est refroidi par 
ledit oxygene liquide, le dioxyde de carbone liquefie 
ou la chaleur de vaporisation dudit combustible ou 
de ladite eau. 

40 5. Systeme de production d'energie selon la revendi- 
cation 1 , dans lequel ledit fluide contenant le gaz 
fourni par le moyen de production de gaz (4) est 
melange audit fluide contenant, en tant que compo- 
sant principal, de I'oxygene ou un compose conte- 

45 nant des atomes choisis dans le groupe consistant 
en des atomes de carbone, d'hydrogene et d'oxy- 
gene et les associations de ceux-ci, avant que ledit 
fluide soit alimente dans ledit moyen de combustion 
(1)- 

50 

6. Systeme de production d'energie selon la revendi- 
cation 1 , dans lequel ledit moyen de recuperation 
de dioxyde de carbone (10) liquefie de la vapeur 
pour separer la vapeur en un gaz et un liquide. 

55 

7. Systeme de production d'energie selon la revendi- 
cation 6, dans lequel un fluide produit par ledit 
moyen de combustion (1) et alimente dans ledit 
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moyen de recuperation de dioxyde de carbone (1 0) 
est refroidi par lesdits oxygene liquide, dioxyde de 
carbone liquefie ou chaleur de vaporisation dudit 
combustible ou de ladite eau. 

8. Systeme de production d'energie selon ia revendi- 
cation 1 , dans lequel ledit moyen de production 
d'energie (9) contient au moins Tune parmi une tur- 
bine a gaz (5) et une turbine a vapeur (8). 

9. Systeme de production d'energie selon la revendi- 
cation 8, dans lequel un fluide de service alimente 
dans ladite turbine a vapeur (8) est chauffe par la 
chaleur d'un fluide produit par ledit moyen de com- 
bustion (1). 

10. Systeme de production d'energie selon la revendi- 
cation 1 , dans lequel de I'eau ou de la vapeur est 
alimentee dans I'un quelconque parmi ledit moyen 
de combustion (1) et ledit moyen de generation de 
gaz (4). 

11. Systeme de production d'energie selon la revendi- 
cation 1 , dans lequel au moins une partie de I'eau 
ou de la vapeur recuperee par ledit moyen de recu- 
peration de dioxyde de carbone (10) est alimentee 
dans au moins I'un parmi ledit moyen de combus- 
tion (1) et ledit moyen de generation de gaz (4). 

12. Systeme de production d'energie selon la revendi- 
cation 11, dans lequel ledit combustible alimente 
dans ledit moyen de generation de gaz (4) est re- 
forme, decompose ou gazeifie par la chaleur d'un 
fluide delivre par ledit moyen de combustion (1). 

13. Systeme de production d'energie selon la revendi- 
cation 11, dans lequel ledit combustible alimente 
dans ledit moyen de generation de gaz (4) est re- 
forme, recompose ou gazeifie par la chaleur d'un 
fluide extrait de ladite turbine a gaz (5) ou de ladite 
turbine a vapeur (8). 

14. Systeme de production d'energie selon la revendi- 
cation 1 , dans lequel ledit dioxyde de carbone re- 
cupere par ledit moyen de recuperation de dioxyde 
de carbone (1 0) est alimente dans au moins I'un 
parmi ledit moyen de generation de gaz (4) et ledit 
moyen de combustion (1). 

15. Systeme de production d'energie selon la revendi- 
cation 1 , comprenant en outre un compresseur (1 3) 
pour comprimer un fluide contenant du dioxyde de 
carbone. 

16. Systeme de production d'energie selon la revendi- 
cation 15, dans lequel un fluide delivre par ledit 
compresseur (13) est alimente dans au moins I'un 
parmi ledit moyen de combustion (1) et ledit moyen 



de generation de gaz (4). 

17. Systeme de production d'energie selon la revendi- 
cation 1 , comprenant en outre une section de lique- 
5 faction de dioxyde de carbone (1 5) pour liquefier un 
fluide contenant du dioxyde de carbone delivre par 
ledit moyen de recuperation de dioxyde de carbone 
(10). 

10 18. Systeme de production d'energie selon la revendi- 
cation 1 7, comprenant en outre un moyen de stoc- 
kage de dioxyde de carbone pour stocker de dioxy- 
de de carbone liquefie par ladite section de lique- 
faction de dioxyde de carbone (15). 

15 

19. Systeme de production d'energie selon la revendi- 
cation 18, dans lequel un fluide delivre par ledit 
moyen de combustion (1) et alimente dans ledit 
moyen de recuperation de dioxyde de carbone (10) 

20 est refroidi par lesdits oxygene liquide, dioxyde de 
carbone liquefie ou chaleur de vaporisation dudit 
combustible ou de ladite eau. 

20. Systeme de production d'energie selon la revendi- 
25 cation 1 , comprenant en outre : 

une section de commande du debit de gaz (18) 
pour commander un debit d'un fluide contenant 
un gaz delivre par ledit moyen de generation 
30 de gaz (4) et alimente dans ledit moyen de com- 

bustion (1) ; 

une section de commande de debit d'oxygene 
(19) pour commander un debit d'oxygene con- 
tenu dans ledit fluide alimente dans ledit moyen 

35 de combustion (1), ledit fluide contenant, en 

tant que composant principal, de I'oxygene ou 
un compose contenant des atomes choisis 
dans le groupe consistant en des atomes de 
carbone, d'hydrogene et d'oxygene et une as- 

40 sociation de ceux-ci ; et 

un moyen de commande (21) pour commander 
un debit d'oxygene ou d'un combustible de ma- 
niere a correspondre audit debit dudit fluide 
contenant du gaz ou ledit oxygene. 

45 

21. Systeme de production d'energie selon la revendi- 
cation 20, dans lequel ledit moyen de commande 
(21) commande ladite section de commande de de- 
bit de gaz (1 8) et ladite section de controle de debit 

so d'oxygene (1 9) de telle maniere que ledit debit dudit 
oxygene est obtenu sur la base d'un rapport de me- 
lange stoechiometrique de (4x + 1 y + 2z)/4, ou x, y 
et z sont des entiers, en supposant que ledit fluide 
contenant un gaz est C x H y 0 2 . 

55 
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